Introduction
============

Hepatic encephalopathy (HE) is a neuropsychiatric manifestation of a failing liver which is potentially reversible with appropriate intervention and is a complication of portal hypertension with an associated porto-systemic shunt.[@R1] HE has been extensively studied in the past, and it has been classified into HE associated with acute liver failure (Type A), HE associated with liver by-pass without intrinsic liver disease (Type B) and HE associated with liver cirrhosis (Type C). Type C HE can be further sub-classified based on time course (episodic, persistent) and grade (minimal HE and overt HE).[@R2] Minimal hepatic encephalopathy (MHE) is the mildest form of HE which presents with significant cognitive impairment and affectation of activities of daily living.[@R3]

MHE is defined as HE without symptoms/signs on clinical/neurological examination, but with impairment in some cognitive areas that can only be determined by neuro-psychometric testing.[@R2] The prevalence of MHE is said to be high among patients with liver cirrhosis and even higher in the presence of poor liver function. It is reported to vary between 30--84%.[@R3], [@R4] Although there have been arguments about the exact pathogenetic mechanism of MHE, certain factors such as hyper-ammonia and increased blood-brain permeability to ammonia, elevated brain concentration of manganese, inflammation and inhibitory neurosteroids have been hypothesised in the pathogenesis of MHE.[@R5]

At the same time several factors such as sepsis, gastrointestinal bleeding, constipation, uraemia, hypokalaemia/hyponatraemia, diuretics, sedatives, etc, have been known to alter the thin balance of liver function in cirrhosis thereby precipitating or worsening pre-existing HE.

Minimal hepatic encephalopathy as the mildest form in the spectrum of HE is difficult to diagnose due to its subclinical nature and also due to lack of consensus on which diagnostic tool to use.[@R6] The diagnosis of MHE requires an impairment in performance of at least two of the neuro-psychometric tests in the absence of an abnormal neurological examination, and also of features of overt HE.[@R2] The criteria for diagnosis of HE is impairment in at least two of neuro-psychometric tests, that is two standard deviations (2SD) below age- and education-matched healthy control.[@R2]

The burden of MHE is enormous with clinical and social impact on the patients as they are frequently undiagnosed. These patients tend to have a poor quality of life in the aspect of sleep, alertness, and functional capacity.[@R7],[@R8] Complex activities as attention, information processing and psychomotor skills such as driving a car, planning a trip are mainly affected.[@R9] It was found that patients with MHE had impaired performance in tests of short and long term memory that require free recall or recognition.[@R10] MHE is also associated with increased risk of developing overt HE and overall mortality.[@R11]

There is paucity of data on the prevalence of MHE in Nigeria despite its substantial negative effect on the quality of life, hence the need to identify MHE as it also predicts overt HE. This study aimed to determine the prevalence of MHE among patients with chronic liver disease (Liver cirrhosis and Hepatocellular carcinoma) in University of Ilorin Teaching Hospital (UITH) using neuro-psychometric test as the diagnostic tool.

Methods
=======

The study was a hospital-based cross-sectional study. It was carried out at UITH, Ilorin, Nigeria. All patients with Chronic Liver Disease (CLD) attending the Gastroenterology clinic, and all in-patients admitted for CLD were recruited into the study from February 2015 to February 2016. A patient was recruited if he/she had a background CLD based on typical clinical findings, liver biochemistry with or without sero-positivity for Hepatitis B and C virus, and sonographic findings in keeping with liver cirrhosis or hepatocellular carcinoma (HCC). Hepatocellular carcinoma was diagnosed using elevated serum alpha feto-protein levels (≥400ng/ml) with a typical abdominal ultrasound scan and/or abdominal computer tomography findings suggestive of HCC.[@R12]

A diagnosis of MHE was made if there was a normal neurological examination and impairment in the performance of both number connection test A (NCT-A) and number connection test B (NCT-B), i.e. patients used more than 2SD of the mean time in completing NCT-A and NCT-B each for healthy subjects.[@R2] Therefore, patients who used more than 93seconds and 188seconds for completing NCT-A and NCT-B respectively were considered to have MHE.

Among patients without formal education, MHE was diagnosed if there was a normal neurological examination but patients used more than the 2SD of mean time in completing the line tracing test (LTT) for healthy subjects (i.e. a value greater than 240 seconds) and also in the presence of constructional dyspraxia (inability to construct a cube with a match stick or draw a five-pointed star).[@R2] Patients without clinical, laboratory nor sonographic evidence of liver cirrhosis and/or HCC were excluded from the study. Patients with overt HE were also excluded from the study.

Patients who had symptoms suggestive of upper gastrointestinal bleeding such as haematemesis and melaena had upper gastro-intestinal endoscopy to identify the source of bleed and endoscopic therapy. Diagnosis of spontaneous bacterial peritonitis was based on an ascitic neutrophil count of at least 250cells/mm^3^, with or without a positive ascitic fluid culture.[@R13] Serum sodium, potassium, creatinine and urea were determined to detect any derangement that could be a potential precipitant of MHE.

To identify infection and its focus, a complete blood count, blood culture, urinalysis was done for all patients, while urine microscopy, culture and sensitivity (mcs) was done for patients with urinary symptoms, and sputum mcs for those with productive cough. Other precipitants of HE, such as constipation (bowel movement less than three times in a week), and the use of sedatives were sought for among patients. The NCT-A, NCT-B and LTT were standardized using 64 apparently healthy subjects, who were matched with the CLD patients for age, sex and educational status.

They were selected from the staff of the hospital and relatives of the patients using a convenient method of sampling. They were all negative for Hepatitis B surface Antigen and anti-Hepatitis C Virus and had normal liver biochemistry and abdominal sonography.

A standardised, semi-structured questionnaire was used to extract the biodata, information on clinical features of CLD and laboratory findings from each patient.

Brain imaging with computerized tomographic scan was done where possible to exclude primary neurological cause or where a diagnosis of HE was in doubt. The Child-Pugh scoring system was used for assessing the severity of liver disease using clinical and laboratory parameters.[@R14],[@R15] The scoring system takes into account the serum albumin, prothrombin time, and bilirubin as well as the presence of ascites and encephalopathy; each of which is given a numerical score and subsequently graded as A, B, and C depending on the total scores.

Ethical approval was obtained from the Ethics and Research committee of UITH (UITH/CAT/189/18^A^/917)

Results
=======

Sixty-four patients were studied comprising, 43 (67.2%) out-patients and 21 (32.8%) in-patients. Patients with features of overt HE were excluded from data analysis. The age of the patients recruited for the study ranged from 20 to 90 years with a mean age of 47.1 ±14.6 years. The highest number of patients was within the age range of 30--49 years (65.6%). More than three-quarters of the patients studied were males (84.4%) with a female to male ratio of 1:4.8. Majority of the patients had a form of formal education (70.3%) while the remaining (29.7%) patients had no formal education ([Table 1](#T1){ref-type="table"}).

###### 

Socio-demographic characteristics of patients with CLD

  ---------------------------------
  Age group            Frequency\
                       n (%)
  -------------------- ------------
  20--29               4(6.3)

  30--39               21(32.8)

  40--49               21(32.8)

  50--59               8(12.5)

  60--69               5(7.8)

  70--79               3(4.7)

  80--90               2(3.1)

  Gender               

  Male                 54(84.4)

  Female               10(15.6)

  Level of education   

  None                 19(29.7)

  Primary              7(10.9)

  secondary            11(17.2)

  Post-secondary       27(42.2)
  ---------------------------------

A total of 28 (43.8%) patients had MHE. NCT-A and NCT-B were used for CLD patients with formal education, and 17 patients spent more than 93 seconds for NCT-A and more than 188 seconds for NCT-B. Among the patients without formal education, 11 individuals spent more than 240 seconds to complete the LTT and also had constructional dyspraxia ([Table 2](#T2){ref-type="table"}).

###### 

Results of neuro-psychometric test of patients with chronic liver disease

  ---------------------------------------------------------------------------------------------------
  Time in connecting numbers\                                                  No MHE\    MHE\
  for patients with formal\                                                    N (%)      N (%)
  education                                                                               
  ------------------------------------------------------------ --------------- ---------- -----------
  NCT-A                                                        \<93 seconds    28(43.8)   \-

  \>93 seconds                                                 \-              17(26.6)   

  NCT-B                                                        \<188 seconds   28(43.8)   \-

  \>188 seconds                                                \-              17(26.6)   

  Constructional apraxia                                                       \-         17(26.6%)

  Time in tracing line for patients without Formal education                              

                                                               \<240 seconds   8(12.5)    \-

  \>240 seconds                                                \-              11(17.2)   

  Patients with constructional apraxia                         8 (12.5)        11(17.2)   
  ---------------------------------------------------------------------------------------------------

The majority of patients with MHE were males (78.6%) within 30 to 49 years of age. Most (64.3%) of them had formal education ([Table 3](#T3){ref-type="table"}).

###### 

Distribution of Hepatic Encephalopathy by socio- demographic characteristics

  Variable                  NO HE      MHE
  ------------------------- ---------- ----------
  **Age groups**                       
  **20--29**                2 (8.1)    1 (3.6)
  **30--39**                15(40.5)   7(25.0)
  **40--49**                14(37.9)   7(25.0)
  **50--59**                3 (8.1)    5(17.9)
  **60--69**                1 (2.7)    4(14.3)
  **70--79**                1 (2.7)    2 (7.1)
  **80--90**                \-         2 (7.1)
                                       
  **Gender**                           
  **Male**                  32(89.2)   22(78.6)
  **Female**                4(10.8)    6(21.4)
                                       
  **Level of education**               
  **No formal education**   9(24.3)    10(35.7)
  **Primary**               6(16.2)    1(3.6)
  **Secondary**             7(19.0)    4(14.3)
  **Tertiary**              14(40.5)   13(46.4)

A total of 23 (63.9%) patients among those without MHE were in Child-Pugh class B or C while among patients with MHE, 23 (82.1%) were in Child-Pugh class B or C ([Figure 1](#F1){ref-type="fig"}).

![Child-Pugh classification among patients with and without MHE](GMJ5304-0299Fig1){#F1}

The following were some of the known precipitants identified in patients with MHE, Gastro-intestinal bleeding (8), hypokalaemia (7), Spontaneous bacterial peritonitis (4), other infections (11), constipation (6), patients with unidentified precipitants were two.

Discussion
==========

Hepatic encephalopathy is an important neuropsychiatric complication of liver disease. The prevalence of MHE among CLD patients differ from one locality to another as do the various risk factors/aetiology of CLD.

The mean age of the patients in this study contrasts with that by Karen *et al* in the United Kingdom, where a mean of 57.0±7.0 years was reported.[@R16] Groeneweg *et al* also stated that CLD patients who develop MHE were elderly.[@R17]

However, Olokoba *et al* reported an average age of 32.9 years in their study.[@R18] The majority of our patients with MHE were between the ages of 30 to 49 years; this was not surprising as most of the patients with CLD in our study were within this age bracket. The dominant middle age group in this study can be explained by the endemicity of HBV infection in this part of the world and also the predominant horizontal transmission of HBV infection in the perinatal period and early childhood. Hence many of these patients develop HBV-induced CLD early in life. To buttress this statement, over three-quarter of the patient with CLD in our study had Hepatitis B infection (78%).

The male predominance in this study may be due to the fact that males are more exposed to the risk factors predisposing to CLD such as alcohol intake, ingestion of herbal concoction, multiple sexual partners and sharing of sharps. In addition, Yu *et al* demonstrated that the male sex hormone testosterone was significantly higher in HBsAg-positive HCC when compared with controls.[@R19] In our study, more than half of the CLD patients had a formal education, and this pattern was also seen among patients with MHE.

Olokoba *et al* in a study on the risk practices towards liver disease in Ilorin observed that irrespective of the educational status of patients there was a low level of awareness among the study population with a poor perception of the risk factors for liver disease and a misconception of not being at personal risk of liver disease.[@R18] This observation may explain the fact that despite the high level of education among the study population, there may be a similar poor perception with regards to the risk factors, nature and degree of severity of CLD. Furthermore, illiterates are more likely to be involved in risk practices towards CLD such as scarification, local circumcision, and ingestion of herbal concoction and also tend to have poor health-seeking behaviour.

In this study, the prevalence of MHE was 43.8%, a percentage similar to the findings by Nwabuaku *et al[@R20]* in Lagos, south west Nigeria, who reported a prevalence of 43.1%. However, an abnormal electro-encephalography (EEG) was added to the diagnostic criteria in their study. The prevalence of MHE in this study was comparable to the 41.0% reported by Praveen *et al*,[@R21] in Saudi Arabia, where more sophisticated diagnostic tools such as P300 auditory event potential (P300ERP) and critical flicker frequency (CFF) with psychometry were used to diagnose MHE. The prevalence of MHE in this study was higher than the 32.7% reported by Maldonado-Garja *et al[@R22]* in Mexico, and 34.0% reported by Barbosa *et al[@R23]* in Portugal.

The differences observed may be attributed to the different diagnostic tests used in detecting HE in each study, differences in the time the studies were conducted, and probable geographical differences. The high prevalence of MHE in our study could also be attributed to the advance liver disease at presentation, as the majority of these patients were either in Child-Pugh class B or C. The proportion of patients with liver cirrhosis who had MHE in our study (53.6%) were comparable to previous studies.[@R3],[@R4],[@R11] The occurrence of MHE increases with increasing Child-Pugh score. Among patients with MHE, it was observed that many of them were in Child-Pugh class B and C, only a few patients with MHE were in Child-Pugh class A. To buttress these findings, Praveen *et al* in Saudi Arabia,[@R21] reported that 36% and 56% of patients with MHE were in Child-Pugh score grade B and C respectively.

As there is no consensus on the diagnosis of MHE, it will be worth recommending the use of neuro-psychometric tests specifically NCT and LTT in diagnosing MHE as they cover the cognitive aspects that are affected in MHE. They are also cheap, reproducible and accessible.

Limitation in this study was that sophisticated tools used in diagnosing MHE such as CFF and P300ERP were not used as these tools were unavailable as at the time of this study.

Conclusion
==========

The prevalence rate of MHE obtained in this study is similar to rates obtained from previous studies including studies that combined psychometric tests with other neurophysiological tests such as EEG, Critical flicker frequency. A significant number of patients with MHE were in Child-Pugh class B and C.
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